Summary. Five patients with mild maturity-onset diabetes were given 250 ml of a 20~o glucose solution by intraduodenal infusion and eight other patients similarly received an amino acid solution in a dose of 0.5 g amino acids per kg body weight. The pancreatic and gut glucagon-like immunoreactivity (pancreatic GLI and gut GLI)in plasma were measured before and after the application of the two stimuli. Each person was tested twice; the first (control) test was followed by a second test after three days of treatment with phenformin 150 mg daily, plus the same 150 mg dose taken 60 min before the intubation. The plasma pancreatic GLI increased slightly during both infusions, but was not affected by phenformin. Intraduodenal infusion of both glucose and the amino acid solution induced a greater rise in plasma gut GLI. After treatment with phenformin, the fasting plasma gut GLI was higher than the control value in eleven of thirteen patients. In most cases higher gut GLI plasma levels were also found after duodenal administration of glucose and amino acids. These data furnish further evidence of the local action of antidiabetic biguanides on the intestinal wall, including its hormonal activity. The hypothesis is advanced that the phenformin-induced increase in gut GLI secretion may bring about competition of the latter with pancreatic glucagon for receptors in liver cell membranes, reducing the effect of glucagon on the liver, and thus contributing to a decrease in glycaemia.
It is characteristic of the antidiabetic biguanide derivatives that they lower glycemia in diabetics in the presence of unchanged or even depressed blood insulin levels [1] . This phenomenon could be due to the inhibition by these drugs of the intestinal absorption of glucose [2] [3] [4] [5] , to the inhibition of gluconeogenesis [6] , or to the potentiation of the peripheral action of insulin, modifying the kinetics or some other properties of this hormone [7--8] . Alternatively it may reflect the direct action of these drugs on factors antagonistic to insulin. In this paper we present the results of studies dealing with the effect of phenformin on the behaviour of plasma pancreatic and gut glucagon levels in diabetics.
Material and Methods
13 subjects were studied, 5 men and 8 women, 44 to 66 years of age, with mild maturity-onset diabetes and moderately overweight. They were treated either by diet alone or by diet plus drugs of the sulphonylurea group. In the latter case, drug administration was discontinued seven days before the tests. Five patients were given intraduodenal infusions of 250 ml of a 20Yo solution of glucose [50 g] and the remaining * Report presented at the 8th Congress of IDF in Brussels, Belgium, 1973 eight patients received intraduodenal infusions of an amino acid mixture (Polfa, Poland1), 0.5 g amino acids per kg body weight. Each patient was tested twice; the first load was a control test, the second load took place after 3 days' administration of phenformin in a daily dose of 150 mg, plus the total daily dose of the drug given on the fourth day, one hour before the test. Blood glucose levels were determined according to King and the pancreatic and gut glucagon-like immunoreactivity [GLI] in plasma according to Heding, using antiserum K 814, which does not, and antiserum K 52, which does react with crude pork gut extract [9, 10] . The normal values for 17 fasting persons of pancreatic GLI using the antiserum K 814 ranged from 0.16 to 0.35 (mean + S.E.M.: 0.20_+ 0.012) ng equiv, per ml. The values for gut GLI using antiserum K 52 ranged from 0.13 to 0.30 (mean _+ S.E.M.: 0.21 _+ 0.012) ng equiv, per ml for the same 17 normal persons. Since each subject served as his own control, the significance of the differences was evaluated by the one-way paired 't' test, for a significance level p % 0.05. This test was also used for the 
Results

Glucose Load.
Phenformin exerted a marked effect on the pattern of glycemia. There was a drop in fasting blood glucose, and after the second intraduodenal infusion of the glucose solution the blood glucose curve showed a characteristic flattening (see Fig. 1 ). Plasma pancreatic GLI increased slightly after enteral infusion of the glucose solution during the control test in five patients, whereas after previous phenformin administration it was increased in only two cases (see Table  i and Fig. 1 ). The plasma gut GLI was elevated following intraduodenal infusion of the glucose solution in all the patients tested to a higher degree than the level of the plasma pancreatic GLI. After phenformin, fasting plasma gut GLI showed a rise in four patients. In four cases the second glucose load caused an increase in plasma gut GLI exceeding that observed in the control test; the differences were significant at most of the sampling times (see Table 2 and Fig. 1). level of pancreatic GLI. Administration of phenformin affected neither the value of fasting pancreatic GLI in plasma nor its behaviour in response to intraduodenal infusion of the amino acid solution (see Table 1 and Fig. 2 ). On the other hand, this stimulus caused a pronounced rise in the plasma gut GLI in seven of the eight cases investigated. This increase was signi- Following intraduodenal infusion of the amino acid mixture, there was a slight decrease in the blood glucose level. In agreement with our earlier observations [11] , this drop in glycemia by the end of the test was greater after prior phenformin administration (see Fig. 2 ). In five patients an intraduodenal load of the amino acid mixture induced a slight increase in plasma ficant for all values obtained after amino acid administration, except at 60 rain. After phenformin, three cases exhibited a marked rise of fasting plasma gut GLI; in these patients the second amino acid load failed to further increase the gut GLI in plasma. Nevertheless, four of eight patients of this group had higher plasma gut GLI levels during the whole test after pretreatment with phenformin (see Table 2 and Fig. 2 ).
Discussion
The lack of suppression of pancreatic GLI after glucose agrees with the findings published in other papers [10, 12] . According to the present results, phenformin has no clearcut effect on the behaviour of blood pancreatic glucagon level in diabetic patients. This implies that potentiation of the action of insulin by biguanide derivatives cannot be mediated by a reduction of glucagon secretion in the pancreas. This view is supported by the investigations of Luyckx et al. [13] , and those of Berger et al. [14] . The latter found that, in nondiabetic subjects, the intravenous infusion of arginine preceded by metformin caused a higher rise of pancreatic GLI in plasma than arginine alone. On the other hand, phenformin had a marked effect on the behaviour of plasma gut GLI, which cannot be considered as a factor antagonistic toward insulin. In the patients studied, the initial levels of plasma gut GLI were relatively low and in some cases they increased after phenformin administration, both on fasting and after loading with glucose and amino acids. The fact that in patients with high fasting plasma level of gut GLI, intraduodenal infusion of an amino acid solution failed to induce a response, may point to a reduction of the secretory reserve of this hormone. The experimental studies carried out recently on chickens also indicate a rise in plasma gut GLI following phenformin administration [15] .
The effect of phenformin on plasma gut GLI furnishes further evidence of the importance of the action of antidiabetic biguanide derivatives on the intestinal wall, in which these drugs selectively accumulate in high concentrations [16--18] . It can be assumed that the metabolic effects of these drugs on intestinal mucosa cells are responsible for abnormal secretion and/or biosynthesis of gut glucagon-like substance.
It remains an open question whether this effect of phenformin is of any importance in the mechanism of action of the antidiabetic biguanide derivatives, since the physiological role of intestinal GLI has not so far been elucidated [cf. 19] . However, it has been shown that patients with some types of reactive hypoglycemia show an excessive gut GLI response to oral glucose, and that subsequent hypoglycemia could be prevented by exogenous glucagon [20] . It was suggested that the gut GLI competed with the pancreatic glucagon for the glucagon receptor sites in the liver thereby reducing the hyperglycemic action of glucagon. In accordance with this it has been shown that gut extracts are capable of competing with 125I-glucagon for receptor sites on isolated liver membranes [21] . The elevated gut GLI level observed after phenformin might contribute to a reduction in hyperglycemia by reducing the action of glucagon in the liver. This hypothesis assumes that changes of gut GLI in peripheral blood reflect changes of this hormone in portal blood.
